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Chronic renal dysfunction (CRD) defined as a creatinine clearance of <60 ml min À1 1.73 m À2 is present in at least 11 million people in the USA, 1 who are thus at increased risk of mortality and morbidity from vascular disease 1 2 and from acute renal failure after major surgery. 3 4 Perioperatively, 80-90% of cases of renal failure in patients with CRD is triggered by episodes, as short as 60 min, 5 6 of relative hypovolaemia and reduced renal blood flow. For these reasons, anaesthetic management of patients with CRD is based on preserving central venous and arterial pressure. Not surprisingly, it is said that hypotensive anaesthesia is contraindicated in patients with CRD. 7 Hypotensive anaesthesia, induced with general anaesthesia, typically results in a reduction in glomerular filtration and urine production, but deterioration in renal function postoperatively has not been observed. [8] [9] [10] However, these studies have all been performed in patients with normal renal function. Hypotensive epidural anaesthesia (HEA) involves substantial if not complete sympathectomy, 11 12 and cardiac output and central venous pressures may be maintained with a low dose epinephrine infusion. 13 14 In a large series of patients with normal preoperative renal function who received HEA, postoperative renal dysfunction was not observed. 15 16 However, avoidance of HEA in patients with CRD 17 has been recommended, as a greater reduction in glomerular filtration rate and renal blood flow was noted when epinephrine rather than phenylephrine was utilised to control blood pressure during HEA. 18 However, patients with CRD could potentially benefit from HEA, which offers many advantages in total hip replacement (THR), such as reduced blood loss and blood transfusion, low rate of venous thromboembolism, 19 improved cement fixation 20 and a low postoperative mortality rate. 21 For these reasons, we began utilising increasing degrees of HEA in patients with CRD so that by 1998-99, our routine practice was to utilise HEA in all patients with CRD. This study describes the experience of using HEA in 50 patients with preoperative CRD.
Methods
A database of all HEA for THR performed by the senior author (NES) from October 1999 to June 2004 was retrospectively reviewed to identify patients with a preoperative diagnosis of CRD. The Hospital for Special Surgery is an elective orthopaedic specialty hospital performing $2500 THR per annum. Patients with a preoperative creatinine of >124 mmol litre À1 were identified as the group with CRD. In addition, two matched pair control groups with (i) hypertension but normal serum creatinine (<124 mmol litre À1 ) or (ii) normal arterial pressure and serum creatinine were identified. Matching was based upon gender; age -5 years, surgical diagnosis and surgery performed within -3 month period. If more than one match was available, the match closest in age was chosen.
A total of 54 patients with an elevated creatinine were identified out of a database of 1893 patients. Suitable matches were identified for 50 patients. Hospital charts were reviewed. Perioperative serum creatinine, blood urea nitrogen (BUN), haematocrit, duration of surgery, duration of mean arterial pressure (MAP) <55 mm Hg, intraoperative fluid, blood loss and blood transfusions were recorded.
All patients received HEA and were monitored with radial artery and central venous catheters. HEA was induced by injecting 20-30 ml 0.75% bupivacaine plain via a 17-gauge Tuohy needle inserted at L1-2 to T11-12 interspaces. An epidural catheter was placed, through which additional local anaesthetic could be injected. The catheter was used for postoperative epidural analgesia for 24-48 h. MAP was maintained at 40-55 mm Hg with a low dose intravenous epinephrine infusion and intravenous crystalloid to maintain central venous pressure at normal or baseline values (usually 1-3 mm Hg). Patients breathed spontaneously and were sedated during surgery with a combination of midazolam and fentanyl or a propofol infusion. Urine output was not monitored during surgery. Urinary catheters were placed in all patients in the PACU immediately after surgery.
Surgery was performed in the lateral decubitus position using the posterior approach. Patients included primary, revisions, or one-staged bilateral procedures using either cemented or non-cemented prostheses. NSAIDs were not administered for pain control. All patients received cephalozin 1-2 g every 8 h perioperatively for 24 h. Two patients received vancomycin and the other 148 patients received cephalozin for antibiotic prophylaxis. Aspirin 325 mg BID or warfarin was used for thromboprophylaxis begun the evening after surgery. Postoperatively, all patients had epidural analgesia (PCEA) for 24-48 h with a mixture of bupivacaine 0.06% and hydromorphone 10 mg ml
À1
. Changes in serum creatinine from the preoperative value (baseline) were measured for each patient. Perioperative renal failure was defined as an increase in creatinine level of 44 mmol litre À1 . [22] [23] [24] [25] Preoperative creatinine clearance was determined for all patients using the modification of diet in renal disease (MDRD) equation. This has been validated and used in multiple studies. 1 2 
Statistics
Changes between groups were assessed by unpaired t-test or chi square analysis using StatView Ò (SAS Institute Inc.). Stasistical significance was set at P<0.05.
Results
The three patient groups were similar in age, height, weight, BMI and gender. The CRD group tended to have a higher ASA classification and had significantly lower preoperative haematocrit. There were 36 males and 14 females in each of the three groups ( Table 1 ). The calculated creatinine clearance (CC) was 40 ml min À1 1.73 m À2 for the CRD group and 80.5 and 79.5 ml min À1 1.73 m À2 for the groups with hypertension and normotension, respectively. All patients in the CRD group had a CC of <60 ml min À1 1.73 m À2 (range 14-58). Ten patients had a CC of <30 ml min À1 1.73 m À2 . The mean duration of intraoperative hypotension (MAP 40-55 mm Hg) was $95 min (NS) and the mean epinephrine infusion rate was 3.5 mg min À1 (NS) in each group. Patients Sharrock et al.
in the CRD group received significantly more fluid during surgery (250-300 ml) but estimated blood loss during surgery was not significantly different (Table 2) . Haematocrit fell by $7% perioperatively in each group (Table 3) . Serum creatinine declined from baseline, 1-2 h after surgery (P<0.001) in patients with CRD and remained unchanged thereafter (Fig. 1) . BUN declined from baseline in both groups (Fig. 2) . The changes in serum creatinine from baseline to 1-2 h after surgery, and to 1 and 2 days postoperatively for each patient with CRD, was calculated (Fig. 3) The number of patients requiring blood transfusion was similar between groups (Table 3) . Patients who required homologous blood transfusion had a significantly lower preoperative haematocrit (36.4 vs 39.8; P<0.01) but were of similar age.
Twenty of the 100 controls and 19 of the 50 CRD patients were taking ACE inhibitors preoperatively. These patients did not exhibit a greater decline in creatinine after surgery. However, two of the three CRD patients who developed an increase >44 mmol litre À1 in the setting of hypovolaemia after surgery were taking ACE inhibitors.
The causes for the postoperative renal failure in three of the patients with CRD were assessed by reviewing the charts and is shown in Table 4 . All three were elderly patients, having a preoperative diagnosis of congestive heart failure or severe cardiac disease. One patient developed a mild ileus and became dehydrated. The other two had episodes of Hypotensive anaesthesia in patients with renal dysfunction bleeding after surgery, necessitating blood transfusion. In these three patients, serum creatinine did not elevate immediately postoperatively or in the first 24 h after surgery but increased on the second to fourth day after surgery.
Discussion
There is no universally accepted definition for new onset of acute renal failure after surgery. 3 26 However, an increase of 44 mmol litre À1 in serum creatinine is generally considered to be a reasonable measure. [22] [23] [24] Using this definition, none of our patients developed acute renal dysfunction within 24 h of surgery with HEA but 3 of the 150 patients had increases observed by 48-72 h after surgery. This suggests that HEA, per se, does not increase the risk of developing acute renal dysfunction (ARD) in patients with CRD or a preoperative diagnosis of hypertension.
The hormonal and renal response to thoracic epidural anaesthesia 27 and extensive spinal anaesthesia 28 to HEA has been studied. 18 When intravenous phenylephrine or crystalloid were used to maintain blood pressure at 50-60 mm Hg, renin and noradrenaline concentrations were decreased and renal blood flow was relatively well maintained. 18 However, cardiac output and stroke volume declined making control of the circulation difficult. With low dose epinephrine, cardiac output and filling pressures were preserved providing a more stable circulation. However, the epinephrine resulted in an increase in renin release and a decline in renal plasma flow. As a result of these studies, we were hesitant to use HEA in patients with CRD. However, over the last 7 or 8 yr, HEA with low dose epinephrine infusion has been utilised safely in patients with renal dysfunction, being mindful of the need to preserve filling pressures and monitor patients carefully. This retrospective review of our experience verifies that HEA can be safely used in patients with CRD.
The major risk factor for acute renal dysfunction after surgery is a preoperative diagnosis of CRD 3 6 and the most frequent precipitating factor is hypovolaemia leading to a reduction in renal function. 5 The extent of surgery, blood loss and use of nephrotoxic agents, e.g. contrast material and antibiotics, are other factors. 29 The risks of acute renal failure after major surgery (such as THR) in patients with CRD is unknown, but may be as high as 10-15%. 6 23 HEA is utilised to reduce blood loss by lowering mean arterial pressure and preserving filling pressure at preoperative levels. During liver resection, anaesthetic techniques have been developed to keep central venous pressure normal. These result in less intraoperative blood loss and no increase in the risk of postoperative renal failure. 24 Techniques to minimize blood loss by lowering vascular pressure (venous or arterial) do not appear to increase the risk of acute renal dysfunction providing there is adequate monitoring.
Angiotensin converting enzyme (ACE) inhibitors may contribute to acute renal failure if mean arterial pressure decreases to levels that cannot sustain renal perfusion or if patients become volume depleted. 4 22 30 Thirty-nine of the patients we reviewed were taking ACE inhibitors preoperatively and these patients did not exhibit an increased risk of acute renal failure. This probably reflects the physiology of HEA and the care taken to prevent volume depletion in these patients in the immediate perioperative period. Other potentially nephrotoxic agents were avoided. Patients did not receive NSAIDs or COX II inhibitors. No patients with CRD received vancomycin.
There are a number of more sensitive markers of renal injury available, which we did not measure. These may have demonstrated changes in renal function not detectable by serum creatinine or BUN. 26 31 However, these are not utilised clinically at present but could be used to study the timing and factors contributing to acute renal failure after surgery in patients with CRD.
All these patients were carefully monitored with arterial and central venous catheters and patients with CRD received additional crystalloid during surgery to preserve filling pressure. Furthermore, the majority of the patients with CRD were monitored in the PACU for 12-24 h and had excellent postoperative analgesia. Hypotensive anaesthesia limited fluid shift resulting in low intraoperative blood loss (mean 197 ml). The only incidents of decline in renal function occurred after transfer to the wards where less monitoring was available. This favourable experience using HEA in patients with CRD does not mean that other means of achieving hypotensive anaesthesia are safe to use in patients with CRD. This must be subject to further study.
We included a control group with hypertension and normal preoperative creatinine. None of these patients exhibited an increase in creatinine (>44 mmol litre À1 ) after surgery. This is consistent with previous publications demonstrating that patients with hypertension tolerate hypotensive anaesthesia without sequelae. 8 16 The control group demonstrated that patients with preoperative renal dysfunction received an additional 300 ml of crystalloid intraoperatively, but were otherwise managed in a similar fashion. The ideal control group would be patients with renal dysfunction undergoing normotensive anaesthesia, but normotensive anaesthesia has been difficult to justify at our institution. 15 The duration of renal hypoperfusion influences the likelihood of developing postoperative CRD and a duration of 60 min is often mentioned as critical. 5 6 The mean duration of hypotension (<55 mm Hg) was 94 min and the range was 35-305 min. The three patients who developed CRD between 48 and 72 h after surgery had MAP of <55 mm Hg for 75, 95 and 80 min, respectively. The mean duration for the other patients with CRD was 97 min. In addition, the average MAP of these 3 patients was 45, 50 and 51 mm Hg, similar to the average mean pressure of 46 mm Hg of the others who did not develop renal failure after surgery. It does not appear that duration of HEA is a factor in contributing to CRD after surgery.
Only 10 of the 50 patients with CRD had a CC of <30, so it is difficult to generalise the safety of this technique in patients with more severe renal dysfunction. None of the patients with a CC<30 developed renal dysfunction after HEA. No patients with renal allografts were operated upon during this period.
